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(57) A cementitious well drilling fluid comprises wa- 
ter, a water viscosity increasing material and a cemen- 
titious material which, when deposited on the walls of 



the well bore as a part of the filter cake thereon, consol- 
idates the fitter cake into a stable mass that will readily 
bond to a cementitious material slurry subsequently 
placed in the well bore. 
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Description 

The present invention relates generally to a drilling fluid and to a method of drilling a subterranean well bore 
therewith. 

5 A variety of drilling fluids have been used heretofore in drilling subterranean well bores. The most commonly used 

such drilling fluids are solids-containing water-based gels formed with clays and/or polymers which are often weighted 
with particulate weighting materials such as barite. When a well bore is being drilled, the drilling fluid is circulated 
downwardly through the drill string, through the drill bit and upwardly in the annulus between the walls of the well bore 
and the drill string. The drilling fluid functions to maintain hydrostatic pressure on formations penetrated by the well 

w bore and thereby prevent blow-outs and to remove cuttings from the well bore. As the drilling fluid is circulated, a filter 
cake of solids from the drilling fluid forms on the walls of the well bore. The filter cake build-up is the result of initial 
fluid loss into permeable formations and zones penetrated by the well bore. The filter cake and gelled or partially gelled 
drilling fluid mixed therewith reduce or prevent additional fluid loss as the well is drilled. 

After the well bore reaches its total depth, the drilling and circulation of drilling fluid are stopped. The well is then 

is logged and a string of pipe is run into the well bore. After the pipe is run, the drilling fluid is conditioned by circulating 
it downwardly through the interior of the pipe and upwardly through the annulus. Primary cementing operations are 
then performed in the well bore, i.e. , the string of pipe disposed in the well bore is cemented therein by placing a cement 
slurry in the annulus and allowing it to set into a hard substantially impermeable mass. When the cement slurry is run 
down the pipe and into the annulus, the drilling fluid in the pipe and the annulus is displaced therefrom. 

20 The purpose of cementing the above mentioned string of pipe in the well bore is to provide physical support and 

positioning to the pipe and seal the annulus. That is, it is intended that the set cement in the annulus will bond to the 
pipe and to the walls of the well bore whereby the annulus is sealed in a manner which prevents pressurized fluid 
migration between subterranean zones and formations penetrated by the well bore. 

The sealing of the annulus is often frustrated by the layers of solids contained in the filter cake and the gelled 

2S drilling fluid remaining on the walls of the well bore when the primary cementing operation is commenced. That is, 
when the cement slurry is placed in the annulus, thin layers of unconsolidated solids containing gelled drilling fluid 
often remain between the cement and the walls of the well bore including the faces of permeable formations or zones 
containing pressurized fluids. Since the inert layers of unconsolidated solids do not have the physical properties nec- 
essary to prevent pressurized fluid migration, such migration often takes place by way of flow channels formed through 

30 the layers. 

While a variety of techniques have heretofore been developed in attempts to remove filter cake from the walls of 
well bores and increase the displacement efficiencies of gelled drilling fluids prior to cementing pipe therein, continuing 
needs remain for improved drilling fluids and methods of drilling. Such needs involve minimizing or preventing the 
existence of unconsolidated layers of filter cake on the walls of the well bore and/or modifying the drilling fluid to impart 

35 settable characteristics to the filter cake solids. 

We have now devised some drilling fluids by which the needs described above can be at least partially met and 
by which the shortcomings of the prior art can be reduced or overcome. In particular, the drilling fluids of the present 
invention include as a component, a cementitious material which (in use) is deposited on the walls of the well bore as 
a part of the layers of filter cake thereon. During the drilling of the well bore and/or subsequent thereto, the cementitious 

40 material is activated and caused to harden whereby the layers of filter cake are consolidated into stable masses to 
which additional cementitious material readily bonds. The consolidated filter cake layers have the physical properties 
required to prevent pressurized fluid migration in the annulus after the annulus is cemented. 

The improved cementitious drilling fluids of this invention are basically comprised of water, a water viscosity in- 
creasing material and a cementitious material which when deposited on the walls of the well bore as a part of the filter 

4S cake layers thereon is activated and caused to hydrate and consolidate the filter cake into a stable mass that readily 
bonds to cementitious material subsequently placed in the well bore. Further, a portion of the drilling fluid can be utilized 
as the cementitious material subsequently placed in the well bore to seal the annulus. 

The improved methods of the present invention for drilling a subterranean well bore are basically comprised of the 
steps of drilling the well bore using a drilling fluid of the invention whereby the layers of fitter cake on the wails of the 

so well bore are consolidated into stable masses that readily bond to additional cementitious material subsequently placed 
in the well bore. 

The improved drilling fluids of this invention are basically comprised of water, a water viscosity increasing material 
and a cementitious material which when deposited on the walls of the well bore being drilled as a part of the filter cake 
hydrates and consolidates the filter cake into a stable mass which readily bonds to cementitious material subsequently 
55 placed in the well bore. The strength and other properties of the consolidated filter cake are sufficient to prevent or 
minimize the potential for lost circulation problems during drilling and to prevent fluid migration in the annulus after 
pipe is cemented in the well bore. 

The water utilized for forming the drilling fluid can be fresh water, salt water, brine or seawater so long as the 
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As mentioned, the improved drilling fluids and methods of this invention stabilize a well bore being drilled by causing 
the filter cake deposited on the walls of the well bore to be consolidated into a stable cementitious mass. This not only 
provides a surface to which subsequently placed cementitious material used for primary cementing readily bonds and 
prevents undesirable formation fluid migration in the cemented annulus, it also prevents or minimizes drilling fluid lost 
circulation problems during drilling. That is, the consolidated filter cake deposited on the walls of the well bore during 
drilling fills and plugs zones of lost circulation encountered such as unconsolidated zones, highly permeable zones, 
naturally fractured zones, hydrostatic pressure induced fractured zones and the like. 

A particularly suitable drilling fluid for use in accordance with the present invention is comprised of water selected 
from the group consisting of fresh water, salt water, brines and seawater. a water viscosity increasing material selected 
from the group consisting of a hydratable polymer or unearned clay present in an amount in the range of from about 
0 1 pounds to about 50 pounds per barrel of said drilling fluid and a cementitious material selected from the group 
consisting of a hydraulic cement, ASTM Class C fly ash, ASTM Class F fly ash, a calcined clay and a silicious containing 
substance present in an amount in the range of from about 5 pounds to about 250 pounds per barrel of the drilling fluid. 

As mentioned, the cementitious materials can be used in combination with a set retarder and those which are not 
by themselves self activating can be utilized in combination with an activator or contacted when on the walls of the 
well bore by an activator. 

In another aspect of the present invention, the cementitious material slurry used for cementing pipe, e.g., casing, 
in the well bore after the well bore has been drilled can be formed from all or part of the drilling fluid used to drill the 
well bore. That is, additional cementitious material and other components such as water and set retarder can be added 
to a portion of the drilling fluid of this invention to form the cementitious material slurry. 

The improved methods of the present invention are basically comprised of the steps of preparing a drilling fluid of 
the present invention which forms a filter cake containing a cementitious material on the walls of a well bore that 
hydrates and consolidates into a stable mass, and then drilling the well bore using the drilling fluid. As mentioned, the 
cementitious material can be self activating but retarded whereby it will not set until it has been deposited on the walls 
of the well bore or it can be a non-serf activating cementitious material. When a non-self activating cementitious material 
is used, the additional step of contacting the cementitious material with an activator is performed. For example, the 
contacting step can comprise periodically sweeping an aqueous solution of an activator such as lime or alkali through 
the well bore in contact with the filter cake during drilling. 

An alternate technique is to activate the non-self activating cementitious material deposited as a part of the filter 
cake on the walls of the well bore by conducting primary cementing operations and placing a cementitious material 
slurry in the well bore which produces lime and/or alkali when setting. The cementitious material slurry is allowed to 
set in contact with the filter cake whereby the time or alkalies produced activate the cementitious material in the filter 
cake 

Regardless of the type of cementitious material used, i.e., the self activating type or non-self activating type, the 
methods of the present invention can include the additional steps of placing a string of pipe in the well bore, placing a 
cementitious material slurry in the annulus between the pipe and the walls of the well bore and allowing the slurry to 
set in the annulus. Because the filter cake is consolidated into a solid mass that readily bonds with the set cementitious 
material slurry, undesirable fluid migration in the annulus does not take place. 

In order to further illustrate the cementitious well drilling fluids and methods of the present invention, the following 
examples are given. 



Example 1 

Test samples of an improved drilling fluid of the present invention (test sample No. 1 ) and primary cementing fluids 
formed from the drilling fluid (test samples Nos. 2-8) were prepared. The drilling fluid test sample included a calcined 
clay cementitious material, an unearned clay viscosity increaser, fresh water, a set retarder, weighting material and 
simulated drill solids. The primary cementinq fluids additionally included a hydrated lime activator, additional viscosity 
increasers, and a dispersing agent as shown in Table I below. 

Each of test samples Nos. 1-3 were tested for rheological properties at room temperature in accordance with the 
procedure set forth in the above mentioned API Specification 10. Test samples 2-8 were also tested for thickening 
times and 24 hour compressive strengths in accordance with the procedures described in API Specification 10. The 
results of these tests are set forth in Tables II and III below. 
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Density 
(pounds per 
gallon) And 
Component 
8 (pounds 
per barrel) 



TABLE I 

Calcined Clay Drilling Fluid And Primary Cementing FormulattonT 



Drilling 
Fluid 
Formulatlo 
n Without 
Activator, 



Fluid No. 1 



10 
57 

20 



15 



Primary Cementing Formulations Formed From The Drilling Fluid 

Formulation 



Fluid 
No. 2 



10 



10 



311.4 



12 
42.8 

15 



11.3 



9.3 



107.5 



53 
233.6 



Fluid 
No. 3 



12.5 
25.4 

6.5 



9.8 



0.5 



0.1 



11.5 
49 

25 



13 



2 

2.5 
208 



101 

212.3 



4.2 



88 



44 

263 



11.5 
49 

25 



13 



11.5 
49 

25 



13 



0.2 



10.6 



88 



260 



3.8 



88 



44 

263 



11.8 
46 

24 



12 



Density 
Weighting 
Material 1 
Uncatcined 
Clay 
Viscosity 
Increaser 2 
Simulated 
Drill Solids 3 
Fluid Loss 
Agent and 
Viscosity 
Increaser 4 
Polymer 
Viscosity 
Increaser 5 
Set Retarder 6 
Dispersant 7 
Calcined 
Clay 

Cementitious 
Material 8 
Activator 9 
Fresh Water 

' Barium Sulfate 

2 Bentonite except for Fluid No. 3 which was Sepiolite. 

3 Calcium MontmoriSonrte 

* wtT 9 t: Ce " U,OS<, COmmerc ' aJ ' y aVatebte Und8f — ~~ - DR,SPAC *~ - Co. o, Housfc, Texas. 

6 Lign ©sulfonate 

7 •CFR-a- commercially available from Hal.fcurton Energy Services of Duncan. Oklahoma 
Kaolin commercially available from ECC International of Attanta, Georgia 

9 Hydrated Ivne 



Fluid 
No. 4 



Fluid 
No. 5 



Fluid 
No. 6 



Fluid No. 
7 



7 
103 



52 
249 



Fluid No. 
8 

11.5 
49 

25 



13 



6.3 



88 



44 

262 



TABLE II 





Rheologlcal Properties Of Fluids No*. 1-3 




Rheologlcal Properties At Room Temperature 


Fluid No. 1 


600 rpm 


300 rpm 


200 rpm 


100 rpm 


6 rpm 


3 rpm 


1 


9 


5 


4 


3 


1 


1 

15 


2 

1 Corresponding Flui 


93 

t* Nos. and ton 


68 


57 


45 


22 
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Rheologlcal Properties Of Fluid* Nos. 1-3 




Rheologlcal Properties At Room Temperature 


Fluid No. 1 


600 rpm 


300 rpm | 200 rpm 


100 rpm I 6 rpm | 3 rpm 


3 

1 — Chi 


562 

tr* Mm nnd fori 


376 1 288 


190 I 60 36 



10 



15 



20 



25 



30 



40 



45 



SO 



55 



Thickening Times And Compressive Strengths Of Fluids Horn. 2-8 




Thickening Time (hr:mln) 


24 Hr.Compressh 


/e Strength (psi) 


Fluid No. 1 


100°F 


120°F 


150°F 


200° F 


120°F 


200° F 


2 
3 
4 
5 
6 
7 
8 


9:15 


13:50 


4:05 


1:00 

1:04 
1:03 


1318 


466 



As shown in Table II. the drilling fluid (test sample No. 1) and the primary cementing fluid formed *erefrorn(test 
sample No 2) had excellent theological properties. As shown by the difference in test samples 2 and 3. the rheolog.cal 
DroDerties can be increased by adding additional viscosity increasing polymers. 

As fs shown in Table III, the primary cementing fluids formed from the drilling fluid had varying thickening times 
and compressive strengths depending on the particular components and quantities of components contained therein. 

Example 2 

Test samples of three drilling fluids of the present invention (test sample Nos. 1-3) and two P"^ c ^ e "« n 9 
fluids formed therefrom (test sample Nos. 4 and 5) were prepared. The drilling fluid test * 
H Portland cement, water, simulated drill solids and weighting matenal. Two of the dr.lling fluids (Nos. 2 *nd3)«cluded 
a viscosity increaser. The primary cementing fluids formed from the drilling fluid included increased quantit.es of Port- 
land cement and a set accelerator, all as shown in Table IV below. 

TABLE IV . 



Cement Drilling Fluid And Primary Cementing Formulations 



Density (pounds 
per gallon) And 
Components 
(pounds per barrel) 


Drilling Fluid Formulations 


Primary Cementing Formulations Formed 
From Drilling Fluid Formulation No. 1 


Fluid No. 1 


Fluid No. 2 


Fluid No. 3 


Fluid No. 4 


Fluid No. 5 


Density 
Fresh Water 
Cementrtious 
Material 1 
Simulated Drill 
Solids 2 


9.5 
332 
10 

15 


9.5 
330 
10 

15 


9.5 
328 
10 

15 


12.5 
262 
196 

12 


12.5 
264 
196 

12 


1 API Class H Portland Cem 

2 Calcium Montmorilonite 


ent 



6 
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TABLE IV (continued) 




' Barium Surf ate 

4 HydroxyethylceDulose 

5 Calcium Chloride 



TABLE V 



Rheological Properties Of Fluids Noe. 1-5 



30 



35 



40 



Fluid No.1 



1 
1 
1 
1 
2 
3 
4 
5 



Simulated 
Circulating 
Time 2 , Hrs. 



0 

16 

32 

48 

16 

16 

0 

0 



Rheological Properties At Room Temperature 



600 rpm 


300 rpm 


200 rpm 


7 


3 


2 


8 


3 


2 


5 


2 


1.5 


7 


3 


2 


73 


54 


44 


142 


118 


99 


90 


70 


59 


175 


144 


128 



100 rpm 



1 
1 
1 
1 

30 
76 
45 
103 



6 rpm 



0.5 
05 
0.5 
0.5 
5 
19 
11 
36 



3 rpm 



0.5 
0 
0 
0 
3 
12 
7 

25 



45 



50 



2 - .v....m»uwiw yiv«n m jaoie iv aDove. ■ 



Fluid Losses, 


Thickening Times And Compressive Strengths Of Fluids No* 


Fluid No. 1 


Fluid L 


oss, 1000 psi 


Thickening Time 


Compressive Strength 


°F 


cc/30 mln. 


°F 


Hr:mln 


°F 


24 Hr. 


2 
3 
4 

5 

1 Corresponding Flu* 


80 
80 

i Noe. and 1 


24 
18 


150 
150 


19:00+ 
19:00+ 


150 
100 


255 
179 
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Examelg 3 

ulated drill solids, a set retarder and fresh water, all as shown ,n Table VII below. 




45 



50 



55 



Density 
Fresh Water 
Cementitious 
Material 1 
Simulated Drill 
Solids 2 
Weighting 
Material 3 
Fluid Loss 
Agent and 
Viscosity 
Increaser 4 
Polymer 
Viscosity 
Increaser 5 
Dispersant 6 
Set Retarder 7 

Class C Fly Ash 

2 Calcium Montmorillonite 

3 Barium Sulfate 

4 Hydroxyethyteellulose 

6 ^^"eomm^iaBy available from HaMburton Energy Services of Duncan. Oklahoma. 

7 Hydroxy carboxy acid 

and X below. 
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TABLE VIII 





Rheologlcal Properties Of Fluids 




Rheologlcal Properties At Room Temperature 


Fluid No. 1 


600 rpm 


300 rpm 


200 rpm 


100 rpm 


6 rpm 


3 rpm 


1 


9 


6 


5 


4 


2 


1 


2 


18 


10 


9 


5 


2 


2 


3 


38 


27 


23 


17 


15 


12 


4 


62 


46 


41 


35 


29 


26 


6 


108 


87 


76 


59 


33 


21 


8 


205 


96 


57 


23 


2 


1 


9 

1 Corresponding FJuS 


236 

i Nos. and fom 


120 


77 

M Tnkl. 1 /II _i. 


38 


3 


2 



20 



25 



30 



TABLE IX 



Thickening Times Of Fluids 




Thickening Times (Hr.Min) 


Fluid No. 1 


100°F 


120°F 


180°F 


200°F 


1 


7:00+ 


6:00+ 






2 






5:30 


1:42 


5 






6:00+ 




7 




3:00+ 


2:12 




8 


3:00+ 


4:10 


1:40 





in Table VII above. 



35 



40 



45 



TABLE X 



Compressive Strengths Of Primary Cementina Fluid. 




24 Hr. Compressive Strength fpsi) 


Fluid No. 1 


100°F 


150*F 


200°F 


7 




130 


410 


8 


95 


265 




9 


535 
Joe. and formulat 


1,015 

lOnfi nil/M in TakU 


i/H _i 
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and an activator selected from hydraulic cement, lime and an alkali. 

4 Afluida~ordingtoc«aim1.2or3.^ 

on the walls of Lid well bore by contact of the cementitious matenal w.th an activator. 

5. A flu* according to claim 1, 2. 3 or 4. wherein the water viscosrty increasing matenal is a hydratab.e po*mer or 
uncalcined clay. 

6. A fluid according to any of claims 1 to 5. wherein said water is fresh water, salt water, brine or seawate, 

7 A fluid according to any of claims 1 to 6. wherein said viscosity increasing materia, is present in an amount of from 
0.1 pounds to 50 pounds per barrel of said drilling fluid. 

8 A fluid according to any of claims 1 to 7. wherein said cementrtious materia, is present in an amount of from 5 
20 pounds to 250 pounds per barrel of said drilling fluid. 

9. A method of dri.ling a subterranean we., bore, which method comprises dri.l^g said well bore using a drilling Wd 
as claimed in any of claims 1 to 8. 

* 10. A method ZZEXS L^S^S^SSX^ 

bore by way of said consolidated filter cake thereon. 
so 11. A method according to Cairn 10, wherein said cementitious materia, slurry is comprised of a portion of said dri..ing 
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